In addition, higher levels of exposure among Vietnam veterans were associated with increased frequency of ischemic heart disease (p<0.01), valvular heart disease (p<0.01), and retinopathy (p<0.01). We conclude that exposure to Agent Orange is associated with various health impacts in Korean Vietnam veterans.
Introduction
The From 1965 to 1970, the US Air Force sprayed more than 40 million liters of Agent Orange in South Vietnam 1) . An additional quantity (1.6 million gallons) of herbicides was applied to base perimeters, roadways, and communication lines by helicopter and surface sprayings from riverboats, trucks, or backpacks. Phenoxyherbicides used in Vietnam contained 1-50 ppm of the contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), also known as dioxin 1) . After years of concern among veterans regarding the possible long-term health consequences of exposure to phenoxyherbicides used in Vietnam and to their contaminant TCDD, several nations including USA enacted the public Law for compensations.
In Korea, after a series of appeals and demonstration by the Korean veterans demanding medical care and compensation for their serious health damages, a bill of medical care and compensation for herbicides victims was promulgated in March 1993 and become effective from May 1993. It is important to examine the nature and extent of the health impacts of Korean Vietnam veterans exposed to herbicides.
The long-term health consequences of exposure to phenoxyherbicides used in Vietnam have been a great concern to Korean Vietnam veterans. The purpose of this study is to identify diseases with excess prevalence compared to nonexposed veterans, with inference that the excess prevalence may indicate the health impacts of Agent Orange. The categorization of the exposure level was validated by serum TCDD measurements 2) .
Methods

Study population
Since very few Korean women were sent to Vietnam, our study included only male veterans. As of March 1995, the Korean Ministry of Patriots and Veterans Affairs (MPVA) had a roster of 4,432 Vietnam male veterans who had been enrolled for health checkup. We sent a mail to invite them to the epidemiologic study. A total of 1,514 (34.2%) Vietnam veterans participated in the study. We restricted the analysis to subjects aged 45-64, who completed interview and detailed clinical investigations. This left 1,224 (27.6%) Vietnam veterans in the study.
MPVA maintained files of 32,839 non-Vietnam male veterans for pension. We identified 2,682 of them living in the vicinity of Seoul city, where the study center is located. They were mailed to invite into the study, and 154 (5.7%) non-Vietnam veterans agreed to participate in the study.
Data collection
For each study participant, a standardized questionnaire was administered by a trained interviewer. Included were the questions about age, timing and duration of their service in Vietnam, their ranks and the name of troops they belonged. In addition, detailed aspects of contact with Agent Orange were asked, such as direct contacts or spray experience, drinking contaminated water, and swimming in sprayed area. Military records were obtained to complement the participants' self-reported service history.
Assessment of Agent Orange exposure
The exposure assessment methodology in our study has been published elsewhere 2) . However, we describe the procedure here to some details. Overall, Vietnam veterans' exposure to Agent Orange was estimated by 4 ordered categories according to three stages. Firstly, the amount of total cumulative area exposure was estimated for each individual for his whole duration of service. Secondly, personal exposure score was constructed based on selfreported extent and frequency of contacts with Agent Orange. Finally, net exposure index was calculated by multiplying the total cumulative exposure by personal exposure score, and then categorized into quartiles to represent the level of the individual's exposure.
In the first stage, estimation of the cumulative area exposure again involved three steps. First, all the areas of Vietnam were divided into 4 military regions, and for each region the information on the annually sprayed amount of Agent Orange was obtained from military data. Second, individual study participant's relative exposure for each year was calculated by multiplying the amount of Agent Orange sprayed in his service locations by his service durations for each location in the year. Third, the participant's yearly exposure was summed up for the whole service period, including multiple services in different occasions. This procedure lead to a service-exposure matrix resulting in a relative index of cumulative area exposure for each individuals. This index reflects the total amount of Agent Orange sprayed during the veteran's service in the military region where he served.
Since the total cumulative area exposure did not reflect individual variations in contact experiences with the sprayed Agent Orange, we developed a scoring system to indicate the intensity of personal exposure during his service. The scoring involved a weight for the type of contact and another for the frequency. In the questionnaire interview, we obtained the information on the type of the exposure episodes, such as dermal contact to Agent Orange (weight=1.4), direct exposure to sprayed Agent Orange (1.2), intentional spray by himself to avoid insect bites, and exposure to contaminated water by drinking or swimming (1.0). The frequency of exposure episodes per whole service was grouped into six categories: none, 1-3, 4-7, 8-11, 14-30, and over 30 based on distribution among the study population. Weights were given to the frequency categories as 1/6, 2/6, 3/6, 4/6, 5/6, and 1. Non-Vietnam veterans were given zero weights for the frequency. In order to reflect all types of exposure episodes, the two weights for the type and frequency of exposure episodes were multiplied respectively and then summed over all types. This sum ranged from 0 to 5.8 among our study participants. Personal exposure score was calculated by dividing the individual sum of weights by the maximum value 5.8. Therefore, this score ranges from 0 to 1, and implies the ratio of the intensity of a person's exposure to the maximum intensity in our population.
In the third stage, the total cumulative exposure was multiplied by the personal exposure score, resulting in the net exposure index. This index reflects the total amount of sprayed Agent Orange in a person's service areas over the whole service period, as well as the individual variation via different routes of exposure. Eventually, the index was categorized into quartiles, so that the Vietnam veterans' exposure levels were grouped into four ordered categories.
Validation of exposure assessment
TCDD accumulates preferentially in the body fat, and the median half-life of TCDD estimated from Air Force personnel involved in the Operation Ranch Hand spraying mission in Vietnam was 7.6 years with 95% confidence interval 7.0 to 8.2 years 3) . These data indicated that it should be possible to detect elevated levels of TCDD in persons even many years after their exposure if they were exposed to a substantial amount of TCDD. Also many studies imply that TCDD levels in human biological specimens could serve as a marker of exposure to Agent Orange 3, 4) . In an effort to validate our method of exposure assessment based on interview, we measured TCDD in the stored blood samples drawn at the time of health examination. The procedure has been described in detail 2) . Since the stored blood samples were typically less than 1 ml per subject, we had to construct pooled samples for the chemical analyses. We randomly selected 745 samples in total, including 25 from non-Vietnam veterans and 180 from each of the four exposure groups among Vietnam veterans.
One pooled sample for non-Vietnam veterans and 3 pooled samples for each of the exposure categories were prepared, resulting in 13 pooled sample sets. These samples were sent to CDC and analyzed according to the standard protocol 5) . The lipid adjusted values of TCDD levels from the 13 pooled samples ranged from 0.25 to 1.2 pg/g, with a median of 0.7 and a mean of 0.68 pg/g.
The mean values of TCDD levels for the five exposure categories were 0.3, 0.6, 0.62, 0.78, 0.87 pg/g, respectively. Because of our small sample size, our data did not show a significant linear correlation with the ordinal exposure categories. However, the distinct monotone upward trend gave us some confidence in the validity of our approach to exposure assessment.
Assessment of health outcomes
Our approach to assessment of health outcomes can be characterized as "standardized comprehensive clinical investigation" by a group of clinical specialists. This was because the purpose of the assessment included decisionmaking for compensation if a participant meets the criteria for medical problems known or newly determined to be associated with Agent Orange exposure. Four family medicine specialists examined the participants thoroughly and screened them for further referral to other specialists. The assessment focused on six major clinical areas: endocrinology, neurology, psychiatry, dermatology, cardiovascular medicine, and ophthalmology, each with two specialists involved. Clinical specialists in each area developed a standardized clinical protocol including full investigations such as symptom questionnaire, clinical interview, physical examination, blood tests, Chest X-ray, electrocardiograph, and special tests including computerized tomography (CT), magnetic resonance imaging, nerve conduction velocity (NCV), electromyography, Doppler vascular imaging and biopsy, as needed according to standard clinical indications. All assessment procedures were performed without the information on individuals' exposure status. As a means of quality assurance, we sent a random sample of X-ray films and NCV recordings to outside specialists. Kappa agreement indices were 0.89, 0.63, 0.56, and 0.39, for brain CT, Chest X-ray, NCV, and vertebral CT, respectively.
Statistical analysis
Health outcomes were classified by ICD-9 system within each of the clinical areas we studied. We compared the frequency of health outcomes among the exposure categories in three ways. First, the frequency of the outcome was compared across all the exposure categories, including nonVietnam veterans as well as Vietnam veterans with four exposure levels. Second, comparison was made within Vietnam veterans across the exposure levels. Third, the frequency of the outcome was compared between Vietnam and non-Vietnam veterans. For all comparisons, generalized Cochran-Mantel-Haenszel chi-square tests were performed adjusting for age, in order to assess whether there is association between the frequency of the outcome and the exposure status 6) . For the outcomes that showed significant association in the stratified analyses, multiple logistic regression analyses were performed to assess the effect of exposure status adjusting for age, smoking, alcohol, body mass index (BMI), education, and marital status.
Results
To assess the possibility of selection bias, general characteristics were compared between participants and non-participants among Vietnam veterans enrolled in MPVA (Table 1) . Compared to nonparticipants, participants tended to be in the older group, have served in Vietnam earlier and longer.
The groups with different exposure status were compared for general characteristics (Table 2, 3). Some subjects did not give sufficient information for certain variables; this lead to fewer numbers of subjects than the column total for military rank and education in Table 2 , and smoking amount and alcohol amount in Table 3 . In general, non-Vietnam veterans appear to be different from Vietnam veterans in several aspects. The former group is older, mostly married, lower in the military rank, and higher in education compared to the latter. However, there was no significant difference in health insurance status, which is a marker for socioeconomic position. Among Vietnam veterans, the lowest exposure group was relatively younger and slightly higher in education, but similar to other exposure groups in the other aspects. Mean BMI were not significantly different. Smoking and alcohol drinking amount was higher in non-Vietnam veterans. Table 4 shows the frequency of endocrinologic and neurologic diseases by exposure groups. Several disease categories showed a significant difference in the frequency between Vietnam and non-Vietnam veterans. They are diabetes mellitus (p=0.02), peripheral neuropathy (p=0.004), radiculopathy including herniation of nucleus pulposus (p<0.001), brain atrophy (p=0.02) and brain infarction (p=0.001). However, none of these outcomes were significantly associated with the exposure levels within Vietnam veterans.
In Table 5 , psychiatric and dermatologic diagnoses were compared among groups. Mood disorder, post-traumatic stress disorder, and eczema were significantly more frequent in Vietnam veterans compared to non-Vietnam veterans (p<0.05). Again, none of these showed significant difference across exposure levels within Vietnam veterans.
Cardiovascular, ophthalmologic, and other health outcomes are shown in Table 5 . Compared to non-Vietnam veterans, Vietnam veterans had significantly higher frequency of hypertension, vasculopathy, valvular heart disease, uroporphyrinuria, and cell function markers such as plating efficiency and mitogen response. When the association of the outcomes across all exposure strata was assessed, retinopathy, anemia, and coproporphyrinuria were also statistically significant (p<0.05). Within Vietnam veterans, ischemic heart disease, valvular heart disease, and retinopathy were significantly associated with exposure levels.
Results from multiple logistic regression analysis are shown in Table 7 . In addition to age, other variables such as alcohol, smoking, BMI, education and marital status were adjusted. In general, the results were consistent with the results from stratified analyses. Eczema showed a strongest association with Vietnam veterans compared to non-Vietnam veterans, and radiculopathy had the next strongest association, followed by diabetes mellitus, peripheral neuropathy, and hypertension. 2) Categorized by the cutoffs for the highest and the lowest 15 percentiles among all subjects.
3) One bottle of Korean liquor ("So-Ju") includes 72 grams of alcohol. 
Discussion
In our cross-sectional study of Korean veterans, we found that Vietnam veterans had higher frequency of numerous clinical diseases compared to non-Vietnam veterans. However, most of them were not associated with our estimation of the Agent Orange exposure status within Vietnam veterans. Frequency of certain diseases such as ischemic heart disease, valvular heart disease, and retinopathy were associated with exposure levels within Vietnam veterans. This discrepancy may indicate either overestimation of certain disease frequencies among Vietnam veterans, underestimation of the association with exposures, or both.
Several aspects in our study need to be considered in order to interpret our results. First, our study population covered only a fraction of complete cohort of Vietnam and nonVietnam veterans, because complete identification was not possible in any way. Our study targeted the Vietnam veterans who volunteered to contact MPVA to receive a health checkup to get any sort of compensation. In addition, as a comparison group, we targeted the non-Vietnam veterans who had been receiving pension regularly from MPVA. Among those target population, we included those who responded to our mail invitation to the study. If the study was understood as a possibility for new or additional compensation, it is reasonable to speculate that Vietnam veterans might have had higher motivation to participate, especially if they had been experiencing symptomatic medical problems. Selection bias is less likely for internal comparison within Vietnam veterans across the exposure status. Therefore, ischemic heart disease, valvular heart disease, and retinopathy may better reflect the effect of Agent Orange exposure among Vietnam veterans. Multiple logistic regression analysis showed that Vietnam veterans had higher frequency of several outcomes compared to non-Vietnam veterans, after adjusting for age, smoking, alcohol, education, BMI, and marital status. These procedures should have allowed us to a certain degree to avoid bias arising from self-selection of individuals with high risk profile. The second aspect in our study is the assessment of exposure to Agent Orange among Vietnam veterans. This has been a challenge in all the studies on Vietnam veterans. We considered environmental and personal variations as well as various possible routes of exposure, with a structured interview questionnaire. However, measurement error must be present to a certain degree, and such error is expected to be largely nondifferential with regard to the health outcomes, likely resulting in an attenuation of the magnitude of association. Therefore, lack of association between our estimated exposure levels and some of the diseases more frequent in Vietnam veterans might have been due to imprecise measurement of exposure. On the other hand, there is some possibility that the subjects over-reported their personal episodes of exposure if they have health problems, leading to a recall bias. Our exposure assessment interview was performed based on a structured questionnaire to minimize this problem. Increasing trend of measured TCDD levels in association with the exposure categories suggests that the recall bias would not have dominated our results. In general, TCDD measurements in our study participants appear to be lower than those in the past studies. However the amount of TCDD measured showed a tendency of doseresponse relationship with the level of exposure we classified although statistically non-significant, owing to the small sample size 2) . It is not clear whether this implies that Korean veterans were less exposed to Agent Orange. TCDD levels may have been reduced because of time lag, or there may be differences in metabolism among ethnic groups. With many reports of direct contact episodes with Agent Orange in our Vietnam veterans, we consider it less likely that Korean veterans had particularly lower exposure to TCDD compared to other nationals who experienced the same battles in the same regions.
The patterns of the medical problems among Vietnam veterans in our study appear to be somewhat consistent with previous reports from Operation Ranch Hand study and Industrial Health 2003, 41, 149-157 others. On the other hand, we observe an additional pattern that hypertension and ischemic heart disease were associated with exposure levels. For hypertension, we adjusted for major cardiovascular risk factors such as age, smoking, BMI, and socioeconomic position indicated by education and marital status. Therefore we consider residual confounding would have been limited. Other cardiovascular outcomes were absent in our non-Vietnam participants. It is not clear whether this difference is truly because of Agent Orange exposure, or other unmeasured factors associated with the exposure. However, this observation needs to be considered in further investigations.
Conclusion
We observed excess frequencies of several medical problems such as diabetes mellitus, eczema, hypertension, peripheral neuropathy, and radiculopathy, among Vietnam veterans compared to non-Vietnam veterans. The increased frequencies of these diseases remained significant even after adjusting for age, smoking, alcohol, body mass index, education, and marital status. Also increased were vasculopathy and brain infarction. In addition, ischemic heart disease, valvular heart disease, and retinopathy were significantly associated with the levels of exposure to Agent Orange, among Vietnam veterans. These findings coherently suggest that Vietnam veterans have higher frequency of vasculopathy in association with Agent Orange exposure.
